Microbial phytase has been shown to increase the availability of Ca, P, ME, amino acids, and trace minerals in diets of broilers. By increasing the availability of trace minerals, phytase may be able to replace the trace mineral premix in diets for broilers. Therefore, a 43-d floor pen study that included diets with and without phytase and with and without supplemental trace minerals was conducted to evaluate this possibility. The Ca and nonphytate P concentrations were decreased by 0.10% in diets with phytase. Growth performance was not affected in chicks fed diets with or without the trace minerals, but adding phytase had positive effects on growth performance. Removal of the trace minerals had a negative effect on bone strength. Removal of the trace minerals, addition of phytase, or both had variable effects on tissue trace mineral concentrations.
DESCRIPTION OF PROBLEM
Research has indicated that the trace mineral premix (TMP) could be removed from the diet of growing and finishing pigs with no negative effects on growth performance [1, 2, 3] . In broilers, removal of the TMP during the finisher period (after 42 d) resulted in no negative effects on growth performance, bone variables, or carcass traits [4, 5, 6] . Furthermore, removal of the TMP from poultry diets from 28 to 49 d had no effect on growth performance or carcass traits [7] . However, we are not aware of research on removing the TMP for broilers from the day of hatch to market weight. 1 Approved for publication by the Louisiana Agriculture Experiment Station as manuscript 05-18-0332. 2 Corresponding author: lsouthern@agctr.lsu.edu Phytate has the potential to form insoluble salts with Ca, Fe, Zn, Mn, Cu, and Co, which may reduce the availability of these minerals [8] . Phytase, an enzyme that breaks down phytate [9] , has been shown to increase the absorption and retention of Zn and Cu [10, 11] . Therefore, phytase may be able to replace the TMP in broiler diets and result in growth performance equal to that of broilers fed diets with the TMP.
Therefore, the objectives of this experiment were to determine the effects of phytase addition and removing the TMP on growth performance, bone breaking strength, and tissue mineral content in broilers fed to market weight.
MATERIALS AND METHODS
All methods used in this experiment regarding animal care were approved by the Louisiana State University Agricultural Center Animal Care and Use Committee.
An experiment was conducted with 1,260 Ross × Ross commercial broilers [12] during September and October 2003. They were allotted on the day of hatch to 4 treatments with 6 replications (3 male and 3 female) per treatment and 50 (male) or 55 (female) broilers per replication. The average initial and final BW were 40 and 2,275 g, respectively, and the experiment lasted 43 d. The broilers were housed in 1.52 × 3.05 m pens at the Louisiana State University Poultry Farm in ventilated tunnel houses equipped with cool cells and fans [13] . The pens contained 12 to 14 cm of fresh litter.
The dietary treatments (Table 1) were arranged in a 2 × 2 factorial and were as follows: 1) corn-soybean meal, 2) diet 1 with reduced Ca and nonphytate P (NPP) with phytase [14] to provide 600 phytase units/kg of diet, 3) diet 1 without TMP supplementation, and 4) diet 2 without TMP supplementation. The broilers were fed a 3-phase feeding program consisting of starting (0 to 15 d), growing (15 to 36 d), and finishing (36 to 43 d) periods. For each period, the diets were prepared by making one large base mix, dividing it into 4 separate batches, and adding sand, phytase, and monocalcium phosphate or limestone as needed to make the 4 diets.
For the starter period, the diets were formulated to contain 3,035 kcal of ME/kg, 0.89% Ca, 0.45 % NPP, 1.25% total Lys, and 0.94% TSAA (Tables 1 and 2 ). For the grower period, the diets were formulated to contain 3,117 kcal of ME/kg, 0.82% Ca, 0.40% NPP, 1.14% total Lys, and 0.88% TSAA. For the finisher period, the diets were formulated to contain 3,155 kcal of ME/kg, 0.80% Ca, 0.36% NPP, 0.98% total Lys, and 0.78% TSAA. All other nutrients met or exceeded the requirement [15] . The Ca and NPP were reduced by 0.10% in the diets with added phytase. Actual mineral analyses are shown in Table 2 . Natuphos 1200 was included in the diet at 0.034% to add 600 phytase units/ kg of diet based on the actual analysis of Natuphos 1200, which indicated that it contained 1,750 phytase units/g of premix. Actual analyses of diets indicated that phytase provided 420 of phytase units/kg of diet for diet 2 (360, 495, and 405 of phytase units /kg of diet for the starter, grower, and finisher phases, respectively) and 697 of phytase units/kg of diet for diet 4 (820, 550, and 720 of phytase units / kg of diet for the starter, grower, and finisher phases, respectively.
At the end of each growth period, all birds and feeders were weighed to determine average daily gain, average daily feed intake, and gain:feed. Six broilers were randomly selected and killed by CO 2 asphyxiation, and the left tibia was removed and frozen for subsequent determination of bone breaking strength, bone ash percentage, and mineral concentration [16] . At the end of the 43-d growth trial, samples of bile, liver, pancreas, and breast muscle were taken, pooled by pen, and frozen for determination of mineral content [17] . Data were analyzed by ANOVA procedures appropriate for a completely randomized design using the GLM procedure of SAS [18, 19, 20] .
RESULTS AND DISCUSSIONS
Daily gain and average daily feed intake were not affected (P > 0.10) by diet during any period of growth (Table 3) . Gain:feed during the grower period and in the overall data increased (P < 0.02) in broilers fed the diets with phytase. Phytase has been shown to increase growth performance in 0-to 21-d-old chicks fed diets adequate in all nutrients [21] . In our trial, adding phytase to the diets low in Ca and P increased the performance of chicks during the grower period relative to chicks fed the control diet adequate in all nutrients. The positive effect of phytase in adequate diets has been referred to as an extraphosphoric effect because of the effect of microbial phytase on nitrogen and amino acid digestibilities [22] . Also, our diets were formulated to simulate commercialtype diets, which may be low in energy, and phytase has been shown to increase energy availability in diets for chicks [23] and pigs [24] . Mortality was increased (P < 0.02) during the grower period in broilers fed the diets with phytase, and we have no explanation for this response. Phytase replaced rice hulls to provide 600 phytase units/kg of diet.
Research has shown that removal of TMP from finisher diets (after 42 d) of broilers had no effect on growth performance [4, 5, 6] . Also, removal of TMP from broiler diets from 28 to 49 d had no effect on growth performance [7] . However, we are not aware of research on removing the TMP from broiler diets on the day of hatch to market weight. In pigs, removal of the TMP from the diet of growing and finishing pigs had no effect on growth performance [1, 2, 3] , which agrees with our data. However, removal of the TMP from diet during the nursery, growing, and finishing periods decreased growth performance, and pigs developed signs of Zn deficiency [25] . Growth performance has been shown to be decreased in chicks fed diets with no supplemental Zn from 0 to 18 d posthatching [26] , but the chicks in that study were raised in stainless steel starter batteries, whereas the chicks in our study were raised in floor pens. Raising chicks in floor pens may lead to increased nutrient recycling relative to chicks raised in starter batteries. Also in our study, chicks were fed from galvanized feeders, which may have increased the amount of Zn available to the broilers. Bone breaking strength was not affected (P > 0.10) by diet during the starter period but was decreased (P < 0.05) during the grower and finisher periods in broilers fed diets without the TMP. Addition of phytase did not reverse this response (Table 4) . Bone ash percentage was not affected during any growth period (P > 0.10). Bone strength has been shown to be decreased in chicks fed diets with no supplemental Zn [26] , but as previously mentioned, the chicks in that study were raised in stainless steel batteries, whereas in our study, the chicks were raised in floor pens. In the current trial, chicks fed the diet with no TMP (with or without phytase) had reduced Zn, Mn, and Cu levels in the tibia during the grower and finisher periods. In nursery pigs [25] , removing the TMP decreased growth performance and pigs developed signs of Zn deficiency; however, phytase reversed this response. Phytase has been shown to increase the availability of Zn [10, 11, 25] , but in this study the increase in Zn levels in the tibias of chicks fed the diets with phytase and no TMP did not equal that of chicks fed the control diet (Table 4 ; numerically lower in the grower period and lower in the finisher period). This finding suggests that decreased bone breaking strength of birds on the diets with phytase may have been caused by reduced Zn levels in the tibias. Our lab has shown that removal of Mn and Cu from the diet of chicks raised in starter batteries does not affect bone Data are means of 6 replications with an initial BW of 40.0 g. LCaP = low Ca and P; TMP = trace mineral premix; ADG = average daily gain; ADFI = average daily feed intake. 2 Phytase, P < 0.02.
strength or bone ash percentage [27] . However, Mn deficiency can have a negative effect on bone development [28] . Thus, low Mn levels in the tibia also may have played a role in the reduced bone strength. Tibia mineral concentrations (means ± pooled SEM, DM basis) that were not affected by diet represent 24 replications of 6 broilers per replicate pen (data not shown in Table 4 ). The overall values were starter: Na, 0.43 ± 0.01%; K, 0.55 ± 0.02%; Mg, 0.33 ± 0.01%; grower: Na, 0.42 ± 0.02%; K, 0.43 ± 0.01%; Mg, 0.22 ± 0.01%; and finisher: Na, 0.41 ± 0.02%; K, 0.47 ± 0.01%; Mg, 0.26 ± 0.01%. During the starter period, tibia Ca and P concentrations were increased (P < 0.05) by phytase, and for P concentration, the increase was greater in broilers not fed the TMP (phytase × TMP, P < 0.05). These effects of phytase on tibia Ca and P concentrations were small in magnitude, and tibia Ca and P concentrations were not affected by diet during the grower or finisher periods. We would not expect phytase supplementation to affect tibia Ca and P concentration. Tibia Fe concentrations were not affected by diet in the starter and finisher periods but were increased (P < 0.04) in the grower period in broilers not fed the TMP. Tibia Cu concentrations were not affected by diet in the starter or grower periods but were reduced in the finisher period in broilers fed phytase (P < 0.04) and in broilers not fed the TMP (P < 0.04). Tibia Zn concentrations were decreased (P < 0.04) in the starter, grower, and finisher period in broilers not fed the TMP. Phytase increased (P < 0.05) tibia Zn concentrations in the starter and grower periods, and the effect of phytase in the starter and finisher periods was more pronounced in broilers not fed the TMP. Tibia Mn concentrations in the starter, grower, and finisher periods were decreased (P < 0.04) in broilers not fed the TMP, and in the finisher period (and numerically in the grower period), the decrease in tibia Mn in broilers not fed the TMP was made more severe by phytase (phytase × TMP, P < 0.05). Bone strength was determined using a HD 250 Texture Machine (Texture Technologies Corp., Scarsdale, NY) fitted with a 3-point bend rig with a load cell capacity of 25 kg for the starter period and 50 kg for the grower and finisher periods and cross-head speed of 100 mm/min. 3 Phytase, P < 0.05. 4 Phytase × TMP, P < 0.05. Tissue mineral concentrations (means ± pooled SEM, DM basis) that were not affected by diet represent 24 replications of 6 broilers per replicate pen (data not shown in Table 5 ).
The overall values were as follows: bile: Mg, 0.04 ± 0.01%; Ca, 0.64 ± 0.10%; P, 0.51 ± 0.10%; K, 0.44 ± 0.05%; Na, 4.60 ± 0.31%; for muscle: Mg, 0.138 ± 0.002%; Ca, 0.04 ± 0.01%; P, 1.06 ± 0.02%; K, 1.53 ± 0.03%; Na, 0.16 ± 0.02%; for liver: Mg, 0.065 ± 0.001%; Ca, 0.12 ± 0.01%; P, 1.19 ± 0.02%; K, 1.15 ± 0.04%; Na, 0.59 ± 0.04%; and for pancreas: Mg, 0.11 ± 0.01; Ca, 0.06 ± 0.01%; P, 1.68 ± 0.17%; K, 1.22 ± 0.13%; Na, 0.30 ± 0.03%.
Removal of the TMP from the diet decreased (P < 0.04) bile and liver Cu concentrations (Table 5 ). Muscle Cu concentration was reduced by removing the TMP and by phytase addition, but addition of phytase to the diet without the TMP increased muscle Cu concentration (phytase × TMP, P < 0.05). Removal of the TMP decreased (P < 0.04) pancreas Mn concentration, but phytase addition increased (P < 0.05) pancreas Mn concentration.
Removal of the TMP in growing-finishing pig diets has been shown to reduce the concentration of Zn in bone, liver, and muscle [3] . In our study with broilers, removal of the TMP Phytase × TMP, P < 0.02. 4 Phytase, P < 0.05.
decreased or tended to decrease tissue Zn concentrations. Phytase has been shown to increase tissue Zn concentrations [25, 29, 30] . In our study, addition of phytase to the diets with or without the TMP increased Zn concentration in most of the tissues collected. Addition of phytase to pig diets without the TMP decreased bile, liver, and bone Cu concentrations but increased muscle Cu concentration [3] . In our study, bile and liver Cu concentrations were decreased when the TMP was removed from the diet, and adding phytase did not reverse this response. Phytase has been shown to decrease bone Cu concentration in chicks in one study [31] . However, other research has reported that phytase addition increased the retention of Cu [32, 33, 34] . The Cu concentration in the pancreas was not affected by diet in our study, which agrees with previous research [35] .
Tissue Fe concentrations were not affected in our study by removing the TMP or by adding phytase. Also, research has indicated that phytase addition did not affect liver, bone, or muscle Fe concentrations, but decreased bile Fe concentrations [3] . In addition, phytase addition had no effect on Fe retention in chicks [32, 36] . However, other research indicates that phytase addition to chick diets increases Fe retention [33, 37] .
Phytase addition increased Mn retention in chicks in one study [31] and had no effect in another study [32] . Furthermore, research [3] has reported that removing the TMP increased bile and liver Mn concentrations and adding phytase to the diet reduced Mn concentrations, which does not agree with our study. Our study indicates that removing the TMP decreased the Mn concentration in the pancreas and tibia and adding phytase increased the pancreas Mn concentration (there also were numerical decreases in bile, muscle, and liver Mn concentrations). Adding phytase to the diet had no effect on Mn concentrations in the tibia.
